Up to 10 CEST, 24 August 2020, 23,311,719 COVID-19 infected patients were confirmed in the world according to the report of WHO (, n.d.-a). It has attracted great attention from all over the world. COVID-19 is a respiratory pathogen and its infection could result in severe pneumonia (Zhu et al., 2020). Coinfection with bacterial pathogens was one of the reasons why COVID-19 is fatal (Cox et al., 2020; Jose & Desai, 2020). Identification of coinfection pathogens play a great important role in treatment of COVID-19 infected patients. Recently, COVID-19 infected pneumonia patients with coinfection of *Mycoplasma pneumonia*, *Legionella pneumophila* were found in Qingdao and Wuhan (Xing et al., n.d.). However, the sample size was limited and only several bacterial pathogens were analyzed. Moreover, COVID-19 infected samples weren\'t compared with non-COVID-19 infected samples in the previous study. Hence, bacterial pathogens dynamic change in COVID-19 positive pneumonia patients couldn\'t be identified. In this study, 406 samples including COVID-19 positive and negative pneumonia patients were collected and 14 respiratory bacterial pathogens were tested. The study aims to more accurately evaluate the coinfection of COVID-19 with common bacterial pathogens.

During February 8 to February 15, 2020 in Suizhou city, Hubei province, 2216 pneumonia patients were diagnosed based on chest X-ray or computed tomography (small slide shadows and interstitial changed, obvious extrapulmonary bands, or even ground-glass opacity and infiltration shadows, lung consolidation and pleural effusion), blood routine (reduction of lymphocytes) and blood biochemistry (increase of alanine aminotransferase, aspartate aminotransferase, lactate dehydrogenase, myozyme, myoglobin and C-reactive protein, and normal procalcitonin) tests. These patients were admitted to hospital after being diagnosed as pneumonia patients. Then, the COVID-19 pneumonia patients were determined by throat swab nucleic acid test in Suizhou Center for Disease Control and Prevention. Total nucleic acids (DNA and RNA) were extracted from throat swab samples by Liferiver Nucleic acids extraction Kit (Shanghai ZJ Bio-Tech Co., Ltd.). The COVID-19 nucleic acid test was based on real-time PCR according to the Chinese Center for Disease Control and Prevention\'s proposal (Chinese National Health Commission, 2020) and the used primers were shown in Table S1. Among them, 292 COVID-19 positive and 1924 COVID-19 negative pneumonia patients. In this study, 194 cases (47.78%) were selected from 292 positive cases randomly and 212 cases (52.22%) from 1924 negative cases randomly. Among COVID-19 positive patients, 99 (51.03%) were male and 94 (48.45%) were female, while the male and female in the COVID-19 negative patients were 119 (56.13%) and 93 (43.87%), respectively. The age range was 1--88 years old including 12 children and the average age was 45 years old.

The residual total nucleic acids (DNA and RNA) after COVID-19 diagnosis were sent to Hubei Center for Disease Control and Prevention for bacterial pathogens analysis from Suizhou Center for Disease Control and Prevention. *Chlamydia pneumonia*, *Streptococcus pneumonia*, *Bordetella pertussis*, *Streptococcus pyogenes*, *Staphylococcus aureus*, *Corynebacterium diphtheria*, *L*. *pneumophila*, *M*. *pneumonia*, *Mycobacterium tuberculosis*, *Neisseria meningitides*, *Haemophilus influenza*, *Streptococcus agalactiae*, *Pseudomonas aeruginosa* and *Moraxella catarrhalis* were detected by real-time PCR (Yang et al., 2015; , n.d.-b; Hirama et al., 2011; Schwartz et al., 2006). All the primers and probes used in this study were shown in Table S1. The chi squared test was carried out by SPSS version 16.0.

*S. pneumonia*, *B. pertussis*, *S. pyogenes*, *S. aureus*, *N. meningitides*, *H. influenza* and *P. aeruginosa* were detected both in the COVID-19 positive and negative patients, while *M*. *pneumonia* and *M*. *catarrhalis* were only found in COVID-19 negative patients ([Table 1](#t0005){ref-type="table"} ). *B*. *pertussis* infection rate in COVID-19 positive patients was 10.31% (including 20 adult patients), which was significantly higher than 4.25% (including 2 children and 7 adult patients) in COVID-19 negative patients (χ^2^  = 5.6161, P = 0.0178) ([Fig. 1](#f0005){ref-type="fig"}A). Pertussis vaccination status was not available among the cohort. Furthermore, there were five deaths in the COVID-19 positive patients. In these five patients, two were coinfected with *B*. *pertussis* and three patients were detected with *P. aeruginosa* (Table S2). One of the two patient was first infected by COVID-19 and then infected by *B*. *pertussis* and *P. aeruginosa* (Table S3). The bacterial coinfection might be one of the reason why disease worsen among these three death patients. *B*. *pertussis* causes cough to spread the pathogens in the air which can further enhance the pathogens transmission (Bisgard et al., 2004). It also has the ability to inhibit the function of the host\'s immune system and cause various respiratory disorders (, 2007). Accordingly, *B*. *pertussis* should be regarded with more care in the treatment of COVID-19. The infection or carriage rates of *M*. *pneumonia* and *N*. *meningitides* in COVID-19 positive patients were significantly lower comparing to the COVID-19 negative patients ([Fig. 1](#f0005){ref-type="fig"}A). This might be explained by the fact that moxifloxacin and some Chinese traditional medicines (Huoxiang Zhengqi Capsules, Jinhua Qinggan Granule, Lianhua Qingwen Capsule, Shufeng Jiedu Capsules and Fangfeng Tongsheng Wan) were used for treatment in all pneumonia patients during the period (Chinese National Health Commission, 2020; , 2020). Among the positive patients, some of them had been accepted this treatment for 5--9 days already (the second time for COVID-19 test) and the others had been taken for this treatment for 1--2 days (the first time for COVID-19 test). However, all the negative patients accepted this treatment only 1--2 days (the first time for COVID-19 test). *M*. *pneumonia* and *N*. *meningitides* were both sensitive to moxifloxacin, and these Chinese traditional medicines are capable of anti-bacteria according to the reports (Grayson, 2010; Zhang et al., 2019). Hence, the longer time treatment might reduce the infection of *M*. *pneumonia* and *N*. *meningitides* according to this result. The rate of *P. aeruginosa* carriage was quite high both in COVID-19 positive (29.38%) and negative (35.38%) patients compared to other pathogens ([Fig. 1](#f0005){ref-type="fig"}A). This suggested that the *P. aeruginosa* carriage in this area was very high and might not be reduced by moxifloxacin and these Chinese traditional medicines. It is necessary to prevent *P. aeruginosa* infection in the treatment of COVID-19, because it is an opportunistic pathogen and its infection is common in some pulmonary diseases (Faure et al., 2018). In addition, none of *C*. *pneumonia*, *C*. *diphtheria*, *L*. *pneumophila, M. tuberculosis* and *S. agalactiae* was detected in both COVID-19 positive and negative patients. *L*. *pneumophila* coinfection with COVID-19 in Wuhan and Qingdao (Xing et al., n.d.) might due to high level contamination of *L*. *pneumophila* compared to Suizhou.Table 1Respiratory bacterial pathogen spectrum analysis.Table 1Sample\
sourceAge\
(Frequence)Gender (Frequence)Frequence of pathogen carriageCPSPBPSPYSACDLPMPMTNMHiSAGPAMCCOVID 19 positive\
pneumonia\
patients0--10 (1)Male (0)00000000000000Female (1)0000000000000010--18 (1)Male (0)00000000000000Female (1)0010000000000018--45 (78)Male (40)035100000050140Female (38)0630000000308045--65 (94)Male (52)024110000460160Female (42)01410000010014065- (20)Male (7)01300000700010Female (13)01000000023040Total (194)Male (99)06122100004110310Female (95)088100000360260COVID 19 negative\
pneumonia\
patients0--10 (11)Male (7)02100001012051Female (4)0110100100202010--18 (4)Male (2)00000000001010Female (2)0000000101002018--45 (96)Male (60)063130020750190Female (36)01112002040012045--65 (80)Male (40)041000000750170Female (40)03101000045011065- (21)Male (10)00000000000030Female (11)00100000001030Total (212)Male (119)012513003015130451Female (93)054140040980300[^2]Fig. 1Infection or carriage rate of specific bacterial pathogens (A) and multiple bacterial pathogens in COVID-19 and non-COVID-19 infected pneumonia patients. SP, BP, SPY, SA, MP, NM, Hi, PA and MC stand for *S*. *pneumonia*, *B*. *pertussis*, *S*. *pyogenes*, *S. aureus*, *M*. *pneumonia*, *N*. *meningitides*, *H*. *influenza*, *P. aeruginosa* and *M*. *catarrhalis*, respectively.Fig. 1

Totally, 50% COVID-19 positive patients were coinfected or carried common bacterial pathogens ([Fig. 1](#f0005){ref-type="fig"}B). Among them, 41.24% were coinfected or carried one species of bacterial pathogen, while 8.25% were coinfected or carried two or three species of bacterial pathogens ([Fig. 1](#f0005){ref-type="fig"}B). The rate of coinfection or carried two species bacterial pathogens in COVID-19 negative patients was significantly higher than that in COVID-19 positive patients ([Fig. 1](#f0005){ref-type="fig"}B). While, one and three species bacterial pathogens co-infection or carriage rate showed no difference between COVID-19 positive and negative patients.

Although there are some limitations in this study including (1) bacterial culture and susceptibility studies were not performed on these samples to corroborate PCR findings, (2) lower respiratory tract samples for PCR or culture was not obtained to further determine whether PCR findings were reflective of actual infection, and (3) viral co-infections were not studied, it can provide some insights for COVID-19 prevention and treatment. In summary, 50% COVID-19 positive patients were coinfected or carried the tested common bacterial pathogens according to this study. Usually, when a single or multiple pathogens invade the upper respiratory tract and damage the respiratory system, the other pathogens are easy to infect patient at that moment and further lead to the clinical diagnosis and treatment more complicated (Bosch et al., 2013). The increased risk of *B. pertussis* infection in COVID-19 positive patients and high carriage of *P. aeruginosa* in this area might worsen the pathogenic condition. Consequently, some preventions should be taken to treat with the common bacterial pathogens coinfection, especially for *B*. *pertussis.* The reason why *B. pertussis* increased in COVID-19 positive patients need to be clarified and further confirmed in further study.
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